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Fig. 1-1 LZK activates JNK but not ERK. A, His-tagged LZK or its kinase negative mutant,
LZK AKD, was co-transfected with HA-tagged JNK in COS7 cells. After 24 h, HA-JNK was
immunoprecipitated from each cell lysate, and kinase activity was measured by in vitro kinase
assay using GSTi-c-Jun as a substrate. B, COS7 cells were co-transfected with LZK or LZK AKD
and HA-tagged ERK. After 24 h, HA-ERK was immunoprecipitated and kinase activity was mea-
sured by in vitro kinase assay using myelin basic protein (MBP) as a substrate. Representative
autoradiograms obtained on the in vitro kinase assay are shown (top). The amount ofHis-LZK or
His-LZK AKD in each lysate was determined by Western blotting with anti-His antibodies (bot-
tom). Bar graphs show the mean fbld increase in substrate phosphorylation relative to the empty
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Fig. 1-2 LZK phosphorylates and activates MKK7
when co-expressed in COS7 cells. A, His-tagged LZK
or LZK AKD was expressed in COS7 cells. After 24 h
post-transfection, LZK or LZK AKD was immunopre-
cipitated from each cell lysate and kinase activity ofLZK
was measured by in vitro knase assay using GS'Ii-MKK7
as a substrate. A representative autoradiogram is shown
(top). The amount of GSTLMKK7 included in each re-
action mixture as a substrate was essentially identical
(middle). The expression ofLZK or LZK AKD was de-
termined by Western blot with anti-His antibodies (bot-
tom). B, His-tagged LZK or MEKKIAN was co-ex-
pressed wnh Myc-tagged MKK7 in COS7 cells. At 24 h
post-transfection, Myc-MKK7 was immunoprecipitated
from each cell lysate and MKK7 activity was measured by in vitro kinase assay using GST:-KN-
JNK as a substrate. A representative autoradiogram ofthree independent experiments is shown
(top). The amount of immunoprecipitated Myc-tagged MKK7 was determined by Western blotting
with anti-Myc antibodies (middle), and the amounts of His-LZK and MEKKIAN expressed in
COS7 cells were determined by Western blotting with anti-His or anti-MEKK1 antibodies, respec-
tively (bottom). Representative results ofthree independent experiments are shown. C, The amount
ofphosphorylated GST-KN-JNK in MKK7 assay was measured by Foji BAS2000 and shown as
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Fig. 2-2 LZK forms dimersloligomers through its dual leueine zipper-like motif. A, His-
tagged･LZK and its deletion mutants used in this study are schematically presented. B, Serial C-
terrninal deletion mutant of LZK was co-expressed with HA-LZK, fo11owed by immunoprecipita-
tion and Western blotting as in Fig. 2-1. C, His-LZK FL or His-LZK AZip was co-expressed with
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Fig. 2-3 Dual leucine zipper like motif is essential for LZK to activate JNK. A, Serial deletion
mutant ofLZK was co-expressed with HA-JNK, and at 24 h post-transfection, the cells were lysed
by the addition of SDS-PAGE sample buffer, and then the amount of dually phosphorylated JNK
was examined by Western blotting with anti-phosphorylated JNK antibodies (top). After the anti-
bodies have been stripped off the membrane, the same membrane was reprobed with anti-HA anti-
bodies to examine the total amount of overexpressed JNK in each transfection (second from the
top). The JNK activity was also measured by in vitro kinase assay with GST-c-Jun (1-79) as a
substrate (third from the top). In a parallel experiment, the amount of LZK in each lysate was
determined by Western blotting with anti-His antibodies (bottom). The representative results of
three independent experiments are shown. B, His-LZK FL or His-LZK ~Zip was co-expressed
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Fig. 2-4 C-terminal region of LZK is indispensable for the activation of SEKl, but not that of
MKK7. A, His-tagged LZK FL, LZK (1-800), or MEKKl~N was co-expressed with Myc-MKK7.
At 24 h post-transfection, the cells were lysed and Myc-MKK7 was immunoprecipitated from the
cell lysate, and then the kinase activity of MKK7 was determined by in vitro MAP kinase kinase
assay using GST-KN-JNK as a substrate (top). The amounts of overexpressed Myc-MKK7, His-
LZKs, and MEKKI~N were determined by Western blotting (middle and bottom). B, His-tagged
LZK FL, LZK (1-800), or MEKKI~N was co-expressed with Myc-SEKI in cells. SEKI activity,













































































































































































































ATG GC GG CTGCT GTAGGAC GGTT GC TC CGAGC GTC GG TTG CC CGACATG TGAG TGCCA TT
MAAAVGRL LRASVARBVSAI
CC TTG GGGCA TTTC TGC CAC TGC AG CC CTC AG GCCTG CTGCA TG TGGAAGAAC GAGC TTG
P WG ISATA ALR PAACG RT SL
AC AAA TT TAT TGTGTTCTG GTTC CAGTC AAGC AAAAT TA TTC AG CAC CAGTTC CTCA TG C
T NL LCS GS SQA KL FST SS SC
CA TGC AC CTGCTGTCAC CC AGCA T GCAC CC TA TTTTAAGGGT AC AGCC GTTGT CAATGGA
BAPAVTQBAPYFKGTAVVNG
GAGTTCAAAGACCTAAGCCTTGATGACTTTAAGGGGAAATATTTGGTGCTTTTCTTCTAT
E FK OLS LO OFK GK YLV LF FY
*CCTTTGGATTTCACCTTTGTGTGTCCTACAGAAATTGTTGCTTTTAGTGACAAAGCTAAC
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Fig. 3-1 cDNA sequence, deduced amino acid sequence, and mechanism of action ofAOP-l.
A, cDNA and deduced amino acid sequences ofAOP-I. The two most highly conserved blocks
among thioredoxin-dependent peroxidases are shaded. The two invariant cysteine residues are
marked by the asterisks. Arrow indicaes the junction of the cDNA and GAL4 AD sequence in the
plasmid obtained by the two-hybrid screening. B, The likely mechanism by which thioredoxin-
dependent peroxidase AOP-I reduces H20 Z• HP2 induces formation of transient intermolecular
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